Similar to mecA, mecC confers resistance against beta-lactams, leading to the phenotype of a 27 methicillin-resistant Staphylococcus aureus (MRSA). However, mecC-harboring MRSA pose 28 special difficulties in their detection. The aim of this study was to assess and compare 29 different phenotypic systems for screening, identification, and susceptibility testing of mecC-30 positive MRSA isolates. A well-characterized collection of mecC-positive S. aureus isolates 31 (n = 111) was used for evaluation. Routinely used approaches were studied to determine their 32 suitability to correctly identify mecC-harboring MRSA including three (semi-)automated 33 antimicrobial susceptibility testing (AST) systems and five selective chromogenic agar plates. 34
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Abstract 26
Similar to mecA, mecC confers resistance against beta-lactams, leading to the phenotype of a 27 methicillin-resistant Staphylococcus aureus (MRSA). However, mecC-harboring MRSA pose 28 special difficulties in their detection. The aim of this study was to assess and compare 29 different phenotypic systems for screening, identification, and susceptibility testing of mecC-30 positive MRSA isolates. A well-characterized collection of mecC-positive S. aureus isolates 31 (n = 111) was used for evaluation. Routinely used approaches were studied to determine their 32 suitability to correctly identify mecC-harboring MRSA including three (semi-)automated 33 antimicrobial susceptibility testing (AST) systems and five selective chromogenic agar plates. 34
Additionally, a cefoxitin disk diffusion test and an oxacillin broth microdilution assay were 35 examined. All mecC-harboring MRSA isolates were able to grow on all chromogenic MRSA 36 screening plates tested. Detection of these isolates in AST systems based on cefoxitin and/or 37 oxacillin testing yielded overall positive agreement with the mecC genotype of 97.3 % 38 (MicroScan WalkAway™, Siemens), 91.9 % (Vitek 2 ® , bioMérieux), and 64.9 % 39 (Phoenix™, BD). The phenotypic resistance pattern most frequently observed by AST 40 devices was "cefoxitin resistance/oxacillin susceptibility", ranging from 54.1 % (Phoenix) 41 over 83.8 % (Vitek 2) to 92.8 % (WalkAway). The cefoxitin disk diffusion and oxacillin 42 broth microdilution assays categorized 100 % and 61.3 % of isolates to be MRSA, 43
respectively. The chromogenic media tested confirmed their suitability to reliably screen for 44 mecC-harboring MRSA. The AST systems showed false-negative results with varying 45 numbers, misidentifying mecC MRSA as methicillin susceptible S. aureus. This study 46 underlines cefoxitin's status as the superior surrogate mecC MRSA marker. 47
Introduction 49
The still worrying occurrence of methicillin-resistant Staphylococcus aureus (MRSA) in 50 many parts of the world poses a major challenge to health care systems by increasing the 51 burden of disease. Rapid and effective MRSA identification and susceptibility testing is 52 paramount to prevent further dissemination and to adapt antimicrobial treatment. In 2011, a 53 novel PBP2a-encoding mecA homologue designated mecC (originally mecA LGA251 ) has been 54 reported with homologies on the nucleotide and protein level of only 70 % and 63 %, 55 respectively [1, 2] . Later on, mecC has been confirmed as the genetic determinant that 56 confers methicillin resistance in S. aureus for those isolates [3] . Farm and wildlife animals 57 have been revealed as reservoirs for mecC MRSA [4, 5] , and the zoonotic potential of these 58 livestock-associated MRSA has been shown [6, 7, 8] . 59
The limited homology of mecC to mecA and their respective proteins led to major diagnostic 60 challenges in identification and susceptibility testing of mecC-harboring MRSA [9] . In 61 addition to obvious but easily resolved difficulties in targeting the divergent mecC nucleotide 62 sequence by DNA-based diagnostic tests [10, 11] , phenotypic approaches exhibited 63 considerable difficulties due to comparatively low oxacillin MICs [1, 7, 8] which may be 64 caused by differences in the mecA and mecC promoters [3] . Moreover, low homology 65 between the encoded PBP2a proteins is the reason for the failure of existing PBP2a 66 agglutination tests to detect mecC-positive isolates [5, 7, 8] 67 In this study, we compared several routinely applied diagnostic approaches in their capability 68 to identify mecC-harboring MRSA from a comprehensive, heterogeneous, and representative 69 collection. In detail, we compared (i) three (semi-)automated susceptibility testing (AST) 70 systems, (ii) five selective chromogenic agar plates (MRSA screening plates), (iii) a cefoxitin 71 disk diffusion test, and (iv) an oxacillin broth microdilution. Analyzing resistance towards cefoxitin and oxacillin by AST systems, different susceptibility 77 patterns were observed. For all systems, the most frequently detected pattern was the 78 combination of the categorization "cefoxitin-resistant, but oxacillin-susceptible", ranging 79 from 54.1 % (Phoenix) over 83.8 % (Vitek 2) to 92.8 % (WalkAway) of all tested isolates 80 (Table 1 ). In the WalkAway system, three isolates (2.7 %) were categorized cefoxitin-and 81 oxacillin-susceptible, whereas in the Vitek 2 and the Phoenix system, 9 isolates (8.1 %) and 82 39 isolates (35.1 %), respectively, were categorized susceptible to both. One isolate was 83 categorized as cefoxitin-susceptible and oxacillin-resistant by the Phoenix system. 84
The MIC 90 values for oxacillin were ≥2 µg/ml (Phoenix), 2 µg/ml (MicroScan), and 2 µg/ml 85 (Vitek 2). The MIC 90 values for cefoxitin were >8 µg/ml (Phoenix) and >4 µg/ml 86 (WalkAway); the Vitek 2 detected 91.9 % of isolates as resistant to cefoxitin without 87 reporting an MIC value. Less than 10 % of isolates were tested resistant to both cefoxitin and 88 oxacillin (Phoenix: 9.9 %; MicroScan: 4.5 %; Vitek 2: 8.1 %). The vast majority of isolates showed typical growth on all tested cefoxitin-containing 93 chromogenic MRSA screening plates. Reduced growth, i.e. smaller colonies, but with 94 characteristic MRSA-indicating color, was observed for a small fraction of isolates ( (t843, n = 51; t6292, n = 13; t1736, n = 6; t1535, n = 4; t3391, n = 3; t978, t9165, t742, t6902, 149 t6521, t6220, t5930, t1773, t11706, n = 2 each; t9910, t9738, t9280, t9123, t8842, t7914, 150 t7603, t7189, t6300, t524, t13233, t1207, t11702, t11290, t11120 and not typeable, n = 1 151 each). Isolates were of human (n = 80), unknown (n = 24), bovine/bulk milk (n = 4), sheep (n 152 = 2), and environmental (n = 1) origin. No copy isolates were included. 
